ABSTRACT. Morphogenesis of the olfactory pit (OP), olfactory lamella (OL) and olfactory epithelium (OE) was examined by scanning electron and light microscopy in the barfin flounder (Verasper moseri). At day 0 after hatch, the OP was already formed. At day 14, the cellular differentiation of the OE was prominent. At day 42, the OP became a cavity by the formation of its roof. At day 56, the first OL extended remarkably and was lined with the OE on both sides. The OL increased in number with development. These findings suggest that the OE is functionally active at day 14. The formation of the OL in the OP may be initiated by the stimulus when the barfin flounder touched at the bottom of the sea. KEY WORDS: development, olfaction, scanning electron microscopy.
Olfaction appears first among special senses in phylogeny and exists in all vertebrates including fish. Olfaction changes considerably in its functional significance through phylogeny, but is essential at least in macrosmatic fish [6, 7, 9] and plays important roles in feeding, recurrence and sexual behaviors [4, 9] . In fish, the olfactory receptor organ is represented solely by the olfactory epithelium (OE). The OE consists of olfactory, supporting and basal cells, and is covered with cilia in common with all vertebrates [2, [9] [10] [11] . The OE is restricted in the olfactory pit (OP) in all fish, and lines both sides of the olfactory lamella (OL) projecting from the bottom of the OP. The pattern of configuration of the OL and the morphology of the OP vary conspicuously among species [2, 3, 8, [10] [11] [12] , but there have been almost no reports on their development until now. In the present study, therefore, we adopted the barfin flounder (Verasper moseri), a kind of flatfish, as materials to reveal the morphogenesis of the OP, OL and OE in detail because the barfin flounder is one of macrosmatic fish and cultivated in a local research institute to be convenient to obtain materials chronologically.
At least 10 fry of the barfin flounder were obtained every 7 days from day 0 to 91 after hatch in Iwate Fisheries Technology Center, Kamaishi, Japan, as materials. Three adult barfin flounders, about 2 to 3 years of age, were also obtained from the same Center and used as materials. The materials were fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) overnight at 4°C and further processed for scanning electron microscopic and histological examinations. For scanning electron microscopy, the materials were re-fixed in 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 2 hr at 4°C, rinsed in 0.1 M phosphate buffer (pH 7.4) overnight at 4°C and post-fixed in 2% osmium tetroxide in 0.1 M phosphate buffer (pH 7.4) for 1 hr at 4°C. Materials were then dehydrated in a graded series of ethanol, immersed in t-butyl alcohol, dried with a freeze dryer (JFD-310, JEOL, Tokyo), coated with gold in an ion coater (JFC-1200, JEOL) and examined with a JSM-5800LV scanning electron microscope (JEOL). For histological examinations, materials were fixed and dehydrated as for scanning electron microscopy, passed through propylene oxide at room temperature, and embedded in Epon 812. Semi-thin sections were cut at 1 µm on an LKB ultramicrotome and stained with toluidine blue for light microscopy. A part of materials were routinely embedded in paraffin after initial fixation in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) and stained with hematoxylin and eosin for light microscopy.
At day 0 after hatch, a shallow depression was formed near the rostral end of the fry and identified as the OP (Figs. 1a, b). The primitive OE lining the OP consisted of undifferentiated cells which were covered with cilia (Fig. 2a) . The eyes and mouth were not identifiable at this stage. At day 7, the OP was long elliptical in shape and slightly enlarged and deepened (Figs. 1c, d ). Although not fully differentiated, olfactory, supporting and basal cells were identifiable in the OE (Fig. 2b) . The eyes and mouth were identified at this stage (Fig. 1c) . At day 14, the differentiation of cells was prominent in the OE to display olfactory, supporting and basal cells (Fig. 3a) . At day 21, the OP was deeply depressed and cilia on the OE became longer (Figs.  1e, f) . At day 28, the OP was depressed more deeply and the edge of the OP was pushed out into the lumen at the middle of the long edge on both sides and became gourd-shaped (Figs. 1g, h ). In the OE, nuclei of olfactory cells occupied the lower half of the OE, those of the supporting cells did upper third of the OE, and those of basal cells were restricted at the bottom of the OE (Figs. 2c, d ). The arrangement of these cells was almost the same as in the adult. At day 42, both sides of the edge of the OP joined to form the roof of the OP, that is, the OP was not merely a depression but became a cavity communicating with the exterior through the anterior and posterior pores at both ends (Figs.  1i, j) . The OE thickened in the middle of the OP and began to form the first OL (Fig. 2e) . The left eye began to move toward the right side of the head. At day 49, the edge of the anterior pore of the OP extended upward to form a tubular structure as in the adult (Fig. 1k) . The edge of the posterior pore extended upward slightly and formed a slit across the pore (Fig. 1k) . The morphogenesis of the OP processed simultaneously on both sides of the head and almost completed at this stage, but the protrusion of the edges of the pores was less prominent on the ventral side of the head (Fig. 1l) . At day 56, the first OL extended remarkably and was lined with the OE on both sides, but the epithelium was thin at the tip of the OL and seemed not to be sensory (Fig.  2f) . At day 70, the second OL began to form and extend moderately at day 77 (Fig. 2g) . The epithelium lining the roof of the OP was thin and seemed to be non-sensory. At day 91, the formation of the third OL began on the other side of the second OL across the first OL (Fig. 2h ). There were almost no differences in the width of the OL and cell components in the OE. In the adult, 16 to 20 OLs projected upward from the bottom of the OP and ran parallel along the longitudinal axis of the OP (Fig. 2i) .
According to the present results, the OP was present as a shallow depression lined with the OE at day 0 after hatch prior to the formation of the eyes and mouth. The earliest appearance of the OE among sense organs seems to suggest the primary importance of olfaction among special senses in the barfin flounder. At day 14, cells in the OE almost fully differentiated to display olfactory, supporting and basal cells. These findings suggest that the OE is functionally active already at this stage as the olfactory receptor organ. Since the barfin flounder was reported to begin feeding at 10 to 15 days after hatch [1] , the morphological maturation of the OE at day 14 agrees well with such behavioral observation. The formation of the OP as a cavity began at day 28.
The arrangement of cells in the OE was almost the same as in the adult at this stage. The OP completed to show a primitive cavity at day 42. Then, the formation of the OL in the OP began at day 49 and continued through the present experimental period. On the other hand, the barfin flounder was reported to begin to live on the bottom of the sea at day 25 to 30 after hatch [1] . Since the formation of the OP as a cavity began at day 28 and the arrangement of cells in the OE was almost the same as in the adult at this stage, this report as well as our present results may suggest that the formation of the OP as a cavity is initiated by the stimulus received by the barfin flounder when they touched at the bottom of the sea. The resemblance in the width of the OL and cell components in the OE during development strongly suggests that the OL increases in number in accordance with the enlargement of the OP.
